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Simulation and analysis for indoor visible-light

communication based on LED
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Beijing Institute of Technology, Beijing 100081, China)

Abstract: LED could be used for both the illumination and the wireless communication simultaneously that
owns the modulation bandwidth from several MHz to several hundreds of MHz. The criterion of the
minimum mean square deviation was used to design the layout of LED in the room. The indoor illumination
distribution was analyzed in the two conditions which were respectively not included the wall reflection and
included it. Then the illuminance, the received power for detector and the signal to noise ratio for the line
of sight (not including the wall reflection) and the non line of sight (including the wall reflection) were
analyzed, respectively. It is concluded that the illuminance and the received power are larger for the non
line of sight than the line of sight, but the signal to noise ratio decreases. This is mainly caused by the inter
symbol interference from the reflection of the wall of the non line of sight.
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Fig.1 Relation between radiation angle and radiation intensity
WNPE 2 Ji7R % N LED KT S 18T 1) 0l B8R 43 70

83 LB BE B (LED AT ELI) 5 Al 000 f (g B —
W)

Receiver

Pl 2 R fef 0 | AL 6 s R
Fig.2 Diagrammatic sketch forline of sight

and non line of sight
PUHAE B T 3 ALK R R
Envovtos=pI(0)cos™()cosacos BeosyadA a/ (D, D) (6)

W LED %I/ J5 an &l 3 fis, G5 lal K/ 5mx5 mx
3m, 50 & B 0.85 m,LEDs 4T 5 Hb jfij 7 £ 0F 5
2.5m, 4 LEDs T XFRMAGTE S RIA , 41> LEDs AT
H 60x60 4~ LED (s 21 A, B4~ LED Gty 240 &4t
R 20mW ;2 LA 70°; LG 0.73 ¢d; LED
R TRIBE A 0.01m, A 4 4~ LEDs kT XFR 541 78 Fr



2498 bk A2 % 44 %
i 5 ; (0% s s e — U S 5T 18 5() W T AEAR(L S 18
al ‘ .B S5 T L5 I e — Y C R [ (30 1 7 2
all | W, 24 C fHARFRIE(0.733 m,0.733 m)if, #4072
0 R * SRR/, S 168.6 1x., BRI 2 P9 6 B JE 53
| 5(b)FT % o JH PPt B O 000 X2 5 T K T DK R 5
! ' | .D ik it A1l 6 TR
0 : N
0 1 2 3 4 5 800

x/m

3 %P9 LED AT Aii J7)
Fig.3 Layout of LED light in room

W, HERE C A E A B.D A E RV ATf % , B
4~ LED 4TI & ED Al B 5%E . A’B'C'D" N LEDs AT
TEDT— X FRAG R 00 S T AL, 7R AT =
W R EE I Oy 25 i/ MR IR B E C S0 & BIREEYY
R YoR

n

2 (E-EY
L &)

n

K. E WA LED WIRJE; E WA LED 71y
WEBE . n i LED ot F B9AN5L

K 4(a) o 1T OB EE I (R 2% S0 %
RS BE RS C s AEAN R B 3y 22 I8, 4 C
B ARFRIE(0.639 m,0.639 m)INf, 175 22 BB e /N, Tl
138.21x, & PR V-5 1 1 07 2 BB B Jee /N A 25 ok
WE B 23 A 4 A(b) TR

ERERE R RO 0.7, BERERIV INSUFTETRCA 1 cm?,

Mean square
deviation/Ix
e
=)

(=]

Minimum
(0.639m,
138.2 1x)

0 0.5 1.0 1.5 2.0
" (b)
P 4 (a) /2% JEHSBE I 5T LEDs T A 7] 43 B i 11 28 P 7K SF
ST 49 77 22 IRUEE 5 (b) Y105 22 JRUBE S /N o) 38 PN /KT 52 T
N6 IR EE 43 A (B K 1073.7 Ix, /N 451.8 1,
YIME 758.9 1x, ¥ 7 # 138.2 Ix)

Fig.4 (a) Mean square deviation illuminance for different LED

layout without reflection;(b) illuminance distribution
when the mean square deviation illuminace is mimum
in room(Max.1073.7 1x, Min.451.8 Ix, Ave.

758.9 Ix, Msd. 138.2 Ix)

N
(=
=]

400

Minimum

Mean square deviation/1x

200 (0.733m,
g 168.61x)
0 04 08 12 1.6 2.0
x/m
(a) (b)

Kl 5 (a) % R4S RE G LEDs £T AN [) o7 5 A (1 35 22 BEEE
(b) X705 22 IR 2 fie /N 28 A 7K P 52 101D IR BE 3 A (e Rk
1304.71x , e/ 412.41x , ¥{H 971.61x , ¥ J5 24 168.61x)

Fig.5 (a) Mean square deviation illuminance for different
LED layout with reflection;(b) Distribution of illuminance

when mean square deviation illuminace is mimum

in room (Max. 1304.7 1x, Min. 412.4 1x, Ave.

971.6 Ix, Msd. 168.6 Ix)

——b)
(==
[=1==

wn
o

Illuminance/Ix

Illuminance/lx

Illuminance/Ix

Pl 6 50 B I i 55 T 7K - 5 B8R Dk 2 (die K 183.7 I,
/N 0 1x, B 44.6 1x, 3 J5 2% 47.3 1x)
Fig.6 Distribution of illuminance only for each wall reflection

(Max. 183.7 1x, Min. 0 Ix, Ave. 44.6 1x, Msd. 47.3 Ix)

FLAZ I 4(b) 8 5(b) nT LAFE A 5% BE 7 5646 2 14
KOV ST E IR — M TTmk R, P R O B i
9% BE S ) 6 HR AN T 290, LEDs KT A7 JR i R
BRI BRI C S E, B C:(0.733 m,
0.733 m),



% 84

TR BEE AT LED ITH £ A T LB AZ R %ty A5 2499

2 PLBESERRFJE UL EE S BRI Y ST

MBS 3 T BT RN -
o (m+1)A

2 T cos T g eosh) 0< <V,
Paos=|i=1 27L, (8)

i

0 >V,

n¥sin(V,) 0<{yr< WV, T
>,
fi 5 W, AR A A s n O RIOCR A AT T 3,
e MREEE B T BT R .
, [ (m+1)A,
Y | omp p,
P oS BT tieos A
0 >,
FEWE T LEDs £T A JeyJe , B0l 2 0 5 12
W EL S B SR ILIE 7(FK 3.38dBm, Ft/M-1.35dBm,
BIE 1.81 dBm), % PI7KF- 52 T 000 25 H2 WSk BE L
SR 8 /R, MR ik 9 fiR

ﬁ¢';g(¢)=

Pspcos” pcos(o)x
osy<v. (9)

E
@
=
=

o

2

o

o

4
3
2@ 2
A |
350

o 2 _1F
Mg
3
5

P 7 WLBE B 4 PN KT L T b A 45 Wi 2 o

Fig.7 Received power of detector for line of sight
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